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Description 

Field of Invention 

The present invention relates to electric motor s 
drives for injection molding machines and more particu- 
larly to the use of vector controlled AC induction motors 
in servomechanism drive systems for injection molding 
machines. 

10 

Description of the Related Art 

Injection molding machines have traditionally been 
designed to use hydraulic systems as their primary 
source of motive power Hydraulic devices have proven 15 
to be satisfactory over the years. They are relatively 
inexpensive, have power and velocity response charac- 
teristics compatible with the requirements of an injection 
molding machine, and are rugged and reliable. 

However, hydraulic systems do have several inner- 20 
ent disadvantages. The hydraulic oil is subject to dirt 
and contamination in an industrial environment and 
requires filtering and maintenance. Further, there is the 
potential for oil leakage which makes them unsuitable 
for "clean room" manufacturing environments. The 25 
hydraulic drive has limited positioning accuracy and 
repeatability and changes in temperature of the hydrau- 
lic oil will lead to further variations in performance. 
Finally, the hydraulic drive is not energy efficient, and 
therefore, it requires heat exchangers and coolers to so 
remove heat from the oil and maintain a constant oil 
temperature. 

Electric motor servomechanism drives provide an 
alternative to hydraulics and have been available for 
over forty years. The earlier systems utilized the well- 35 
known brush-type DC motor which has a number of 
coils wound on an armature terminating at a commuta- 
tor. The armature is surrounded by a stator having a 
number of permanent or coil magnets corresponding to 
the number of windings on the armature. As the motor 40 
rotates, carbon brushes sequentially connect the arma- 
ture coils to a power supply. The successive current 
flows through the coils create a magnetic field which 
reacts with the stator magnetic field to cause a torque 
on the armature, thereby continuing the rotational 45 
motion of the armature and the energization/commuta- 
tion of the armature coils. 

The most desirable characteristic of the brush-type 
DC motor is the simplicity of its control which is the 
result of several inherent motor characteristics. First, for 50 
any applied armature voltage, the maximum limits of 
speed and torque are established; and for a given oper- 
ating condition, speed and torque will have an inverse 
relationship, i.e. as the motor load increases, the speed 
will decrease. Second, torque is easily controlled 55 
because of its direct linear relationship with armature 
current. Finally, for maximum torque, the magn tic field 
created by the armature current flow must be in space 



quadrature with the poles of the stator magnetic field. 
The commutator construction of the armature automati- 
cally switches each armature coil at the right armature 
position to maintain the optimum space quadrature rela- 
tionship. In spite of their simplicity and desirable per- 
formance characteristics, servomechanism drives 
utilizing the brush-type DC motors have the disadvan- 
tages of brush sparking, brush wear, brush mainte- 
nance and low speed torque ripple. In addition, having 
current conducting windings on the armature not only 
increases armature inertia, but it is difficult to dissipate 
heat from the armature which is separated from the sta- 
tor and motor casing by an air gap. 

Over the last twenty years, newer servomotor 
designs have been successful in approximating the 
inverse linear speed-torque characteristics of a DC 
motor without having to utilize the troublesome brushes. 
Compare e.g. US-A-4,988,273. These newer designs 
represent several different motor technologies but they 
are often collectively referred to as brushless motors. 
Since they generally replicate brush-type DC motor per- 
formance, they are also sometimes over broadly 
referred to collectively as brushless DC motors. How- 
ever, upon closer examination, the brushless servomo- 
tor technology is more accurately separated into AC 
induction motors. AC synchronous motors, and brush- 
less DC motors. Each of those motors has a unique 
physical construction, a unique control theory, and 
unique operating characteristics. 

The application of AC induction motors in high per- 
formance servomechanism drives is the most recent 
development. The motor utilises a short circuited squir- 
rel-cage rotor and three phase windings on the stator. 
Although variable speed control of such a motor in a 
servomechanism drive is very complex and rather 
costly, it is becoming more practical through vector (field 
oriented) control and will subsequently be discussed in 
great detail. 

IJiere is described in JP-A-2575425 controller 
means for controlling an AC induction motor which is 
referred to as a Vector computing unit" that receives a 
secondary current command based on the derivation 
between the speed command for an alternating current 
motor, and exciting current commands based on the 
field current pattern corresponding to the feedback 
speed, to produce a primary current command by per- 
forming Vector" computations based on the commands 
received. 

Trie controller means disclosed in this document 
utilises a current source inverter (CSI) in combination 
with a delta-star switching arrangement in which a cur- 
rent source is fed to the CSI utilising a large inductor in 
series with the output. Most CSI systems use phase 
controlled semi-conductors regulating current magni- 
tude independent of phase position, the phasing being 
controlled in the inverter section of the controller. As a 
r suit, most CIS systems are complicated and expen- 
sive. 
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Additionally, the current magnitude is limited by the 
power line frequency - conventionally 50 or 60 Hz • and 
the current regulating reactor common to this mode of 
control. This produces an error under transient condi- 
tions and results in a sluggish response. 5 

Whilst various suggestions have been made in CSI 
systems to compensate for the transient phase/ampli- 
tude error, no suggestions have been made which have 
been found to be commercial viable for use in an injec- 
tion molding machine. 10 

Additionally, when using CSI controlled systems, 
high voltage surges occur during switching of phases, 
causing stress. To overcome this problem it is neces- 
sary to utilise motors with low leakage resistance to limit 
the energy transients during switching of the motor 75 
phases. 

Another category of brushless servomotors is the 
AC synchronous servomotor. This inside-out 3-phase 
motor design has a field generated by a permanent 
magnet rotor utilising rare-earth magnetic materials to 20 
maximise magnetic flux density and minimise weight. 
Therefore, the inertia of the rotor is reduced which opti- 
mises the dynamic response of the motor. The stator 
has a number of sets of windings in each of its three 
phases, generally four, six, or eight, equal to the number 2s 
of magnets in the rotor. Current flow in the three phase 
stator windings combine to produce a resultant mag- 
netic field vector which interacts with the magnetic field 
of the rotor magnets to produce a torque. The magni- 
tude of the magnetic vector and its angle relative to the 30 
magnetic moment of the rotor determines the magni- 
tude and sense of the torque. 

The geometry of the stator windings and the distri- 
bution of flux density of the permanent magnet rotor is 
such that a sinusoidal electro-motive force (EMF) 1 1 as. 35 
shown in Fig. 1a is induced in the windings when the 
rotor is turned at a constant speed. The amplitude and 
frequency of the induced EMF are proportional with the 
speed. If the stator windings are supplied with 3-phase 
sinusoidal currents 1 5 of equal amplitude and frequency 40 
but shifted in phase by 1 20 degrees as shown in Fig. 1 a, 
a rotating magnetic field will result at the stator poles. 
The strength of that magnetic field is proportional with 
the amplitude of the currents in the stator windings. 

In order to achieve a maximum torque at a given 45 
current and an approximately direct linear torque-cur- 
rent, the relationship of the phase angle of each stator 
current and the angle of the magnetic vector produced 
by the rotor magnets must be held constant. Therefore, 
the phase relationship of the sinusoidal currents applied so 
to the stator windings must be controlled and main- 
tained in synchronous phase with the respective 
induced EMPs. 

To accomplish the above functions, a feedback loop 
is closed between the motor and the motor control in ss 
order to obtain information regarding the motor opera- 
tion. First, a feedback signal is required to determine the 
direction of shaft rotation. Second, a feedback signal is 



required which defines the instantaneous absolute posi- 
tion of the rotor shaft so that the amplitude and phase of 
the current signals may be properly controlled. Finally, a 
feedback signal is required to measure motor speed 
which is necessary for velocity control. In most AC syn- 
chronous servomotors, all three feedback signals are 
derived from an absolute high resolution pulse encoder 
or a resolver having an incremental resolution that is 
typically in the range of 2000-4000 pulses per revolu- 
tion. As will be subsequently discussed in more detail, 
AC servomotors require a very complex control for 
adjusting the stator currents and digitally creating the 
sinusoidal current wave forms for each phase. 

Over the last several years, some injection molding 
machines have been introduced using AC synchronous 
servomotors. These systems are designed as high per- 
formance servomechanism drives and have also gained 
favor as motive power systems in machine tools, indus- 
trial robots and other applications. To obtain superior 
servo performance, the design of AC synchronous 
motors has evolved to maximize the motor's response 
time and positioning resolution and accuracy. For exam- 
ple, exotic magnetic materials are used in the motor 
rotor to reduce weight and inertia. Further, motor con- 
struction is relatively sophisticated, and motor controls 
have been developed to provide the complex commuta- 
tion necessary to achieve higher positioning resolution 
and accuracy. The end result is that high performance is 
achievable but more complex controls are required with 
a higher cost. Further, the smaller compact designs of 
AC synchronous motors which are required for high 
servo performance have resulted in motors having lim- 
ited power output. Consequently, in applications where 
more power is required a plurality of motors must be 
ganged together into a single motive power system. 

The final type of brushless servomotors is the 
brushless DC motor. In this motor, the stator is com- 
prised of a number of windings in each of three phases 
equal to the number of magnets on a permanent mag- 
net rotor. The magnets mounted on the rotor are typi- 
cally common ceramic magnets, although they may also 
be made from other materials, depending on the appli- 
cation. The geometry of the stator windings and the per- 
manent magnet geometry on the rotor produce a 
distribution of flux density on the rotor such that a trape- 
zoidal EMF waveform 1 7 as shown in Fig. 1b is induced 
in the stator windings when the rotor is turned at a con- 
stant speed. The cumulative effect of the trapezoidal 
EMF in each phase is to produce an approximately flat 
waveform for the induced current in the stator. Constant 
torque is produced when rectangular current block sig- 
nals 19 as shown in Fig. 1b are applied to the stator 
windings. It should be noted that the blocks of current 
are discontinuously applied for durations of 120 degrees 
as opposed to the continuous application of sinusoidal 
current over 180 degrees in an AC servomotor as show 
in Fig. 1a. The commutation of this discontinuous cur- 
rent from one winding to another is the primary cause of 
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the cogging characteristic in brushiess DC motors. 

The amplitude of the EMF is proportional with the 
speed; therefore, speed is controlled by controlling the 
voltage amplitude of the signal applied to the stator 
windings. The amplitude of the current blocks in the sta- s 
tor is linearly proportional to and controls the generated 
torque. For uniform torque generation, regardless of the 
rotor position, current commutation has to occur at pre- 
determined rotor angles. These angles are usually 
detected by three Hall effect sensors which are 10 
mounted on the stator and provide feedback information 
to the motor control to control the switching of the motor 
stator currents. In addition, an inexpensive low resolu- 
tion tachometer may be used to provide a rotor velocity 
signal. 15 

Through the commutation logic, the current-torque 
and voltage-speed characteristics of the brushiess DC 
motor become substantially similar to those of the 
brush-type DC motor. Consequently the regulation cir- 
cuit for a brushiess DC motor is quite simple, and it can 20 
be configured to emulate the control characteristics of 
the brush-type DC motor drive, 

Brushiess DC motors have the inherent disadvan- 
tage of motor cogging which is created by torque pulsa- 
tions or ripples resulting from the commutation of 25 
discontinuous current blocks from one motor winding to 
another. The motor cogging is manifested by torque pul- 
sations or surges during motor operation which is more 
noticeable at lower speeds and can cause variations in 
finished part characteristics. Further, brushiess motors 30 
(DC and AC) will sometimes hunt or oscillate when they 
are not rotating but still holding torque. This oscillation is 
primarily caused by the incremental velocity feedback 
used in a typical motor controller and may result in wear 
on machine components. 35 

To minimize motor cogging, it has been suggested 
that pressure or a variable representing a process or 
machine force may be controlled using the servomotor 
velocity loop. For example, the cogging of the injection 
motor causes periodically similar variations in pressure 40 
between the extruder screw and the molten material. 
Those pressure variations about a pressure set point 
may be used to inversely modify a velocity command 
signal such that when the pressure increases, the 
velocity command signal is decreased and vice versa. 45 
The result is a more complex control with varying 
degrees of effectiveness, depending on fluctuation in 
the process variable and sensor accuracy. 

Brushiess DC motors have typically been applied to 
general purpose power systems where velocity is the so 
primary control parameter and torque is relatively con- 
stant or very predictable. Such applications include con- 
veyors, elevators, winding machines, etc. where motor 
cogging is not a problem and high positioning accura- 
cies are not required, accordingly, brushiess DC motors 55 
have not typically been considered for machines requir- 
ing greater positioning accuracies and faster servo 
response. The general consensus of those designing 



machinery where motor cogging and servo perform- 
ance are a consideration has been to ignore the brush- 
less DC motor technology as not suitable and to select 
the generally accepted AC servomotor. Although the 
use of brushiess DC motors on injection molding 
machines is feasible, that the problems of motor cog- 
ging and zero velocity oscillations increase control com- 
plexity and system cost. Positioning accuracy is also a 
key consideration, and must be equal to or better than 
state-of-the-art hydraulically-actuated machines. 

Finally, in both AC and DC permanent magnet ser- 
vomotors, the ability to control torque is restricted to the 
ability to control stator flux and the angle between the 
stator flux and rotor flux. It is also important to note that 
the permanent magnet rotor construction imposes cer- 
tain control limitations. If the stator flux is increased 
beyond a maximum level in controlling torque, demag- 
netization of the rotor magnets can occur, effectively 
disabling the motor. Accordingly, the ability to control 
torque in these motors is definitely limited. 

Summary of the Invention 

Applicants desire to have the benefits of electric 
motor drives on an injection molding machine, but they 
wish to avoid the inherent power limitations of available 
AC synchronous motors, as well as the torque limita- 
tions imposed by potential rotor demagnetisation in both 
AC and DC brushiess servomotors. 

Applicants have determined that AC induction 
motors have not been used for drive systems in injection 
molding machines because of general sloppiness in 
movements which adversely affects positioning accu- 
racy and repeatability, and it is an object of this invention 
to provide an injection molding machine having vector 
controlled AC induction motor drives that are rugged, 
are of simple construction, are reliable, have superior 
speed and torque capabilities and can be obtained at a 
cost comparable to permanent magnet servomotors. 

According to this invention there is provided all 
injection molding machine for producing a molded part 
by injecting a molten material into mold elements form- 
ing a mold cavity defining the molded part, the machine 
comprising: 

(a) clamp means for supporting and moving the 
mold elements between open and closed positions; 

(b) injection means for injecting the molten material 
into the mold cavity, said injection means including 
a screw member rotatably and translatably carried 
in a tubular barrel having an end in communication 
with the mold cavity; 

(c) first drive means mechanically coupled to the 
clamp means for imparting relative motion to the 
mold elements; 

(d) second drive means mechanically coupled to 
the injection means for rotating th screw member; 
and 
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(e) third drive means mechanically coupled to the 
injection means for translating the screw member 
within the tubular barrel; 

wherein at least one of the first drive means, the second 
drive means, and the third drive means further includes 
an AC induction motor having a rotor, a stator com- 
prised of a plurality of sets of three phase windings, and 
means for detecting angular positions of the rotor, 
Characterised in that the machine comprises 

(1) vector controller means for controlling the AC 
induction motor in response to a motor command 
signal, the vector controller means being connected 
to the AC induction motor and including 

(i) a CPU for calculating torque and flux pro- 
ducing components of current passing through 
the stator windings, 

(ii) current controller means for producing pulse 
width modulated trigger signals based on the 
CPU calculations to regulate the current, and 

(iii) power amplifier means for receiving the 
pulse width modulated trigger signals and 
applying a controlled current to the stator wind- 
ings to produce a commutation effect thereby 
creating a controlled torque and speed for the 
AC induction motor; and 

(2) machine control means connected to the vector 
controller means for producing the motor command 
signal. 

Brief Pescription of the Prawings 

Figs. 1a and 1b illustrate signals representing the 
induced EMF in the stator windings and the current 
signal applied to the stator windings for an AC syn- 
chronous servomotor and a brushless DC motor, 
respectively. 

Fig. 2 illustrates the relationship between speed 
and torque in a permanent magnet DC motor. 
Fig. 3 illustrates the relationship between speed, 
torque and horsepower in a shunt wound DC motor. 
Fig. 4 is a block diagram illustrating the control cir- 
cuit components typically used with a brushless DC 
motor. 

Fig. 5 is a block diagram illustrating the multiplexing 
of the controller CPU for the power modules of the 
motors. 

Fig. 6 illustrates the wave forms of the current com- 
ponents for flux and torque, and the resultant vector 
current waveform that is applied by vector control. 
Fig. 7 is a block diagram illustrating the control cir- 
cuit components typically used in connection with a 
vector controlled AC induction motor. 
Fig. 8 illustrates a modeling procedure for finding a 
two-phase equivalent of a three phase motor. 



Fig. 9 illustrates the two steps involved in direct 
measurement of the rotor flux position angle in 
induction motors. 

Fig. 10 is a schematic block diagram illustrating a 
5 control system including vector controlled AC 
induction motors for use on a typical injection mold- 
ing machine. 

Fig. 11 illustrates the overall structural components 
for one type of injection molding machine to which 
10 vector controlled AC induction motors can be 
applied. 

Description of the Preferred Embodiment 

75 Applicants have developed an injection molding 
machine drive system using vector controlled AC induc- 
tion motors. Although the AC induction motor has been 
used extensively in industrial applications for many 
years, it has not been used extensively as a servomotor 

20 due to complex and expensive control requirements. 
Despite the advantages of induction motors compared 
to DC permanent magnet motors, such as low cost, light 
weight, reduced inertia, low maintenance and high effi- 
ciency, its primary application has remained in constant 

25 speed drive applications. 

Effective use of induction motors as servomotors in 
injection molding machines depends on suitable elec- 
tronic control. As with ail motor configurations, the abil- 
ity to produce maximum torque in an induction motor is 

30 dependent on maintaining a 90 degree relationship 
between the flux of the stator and the flux of the rotor. In 
permanent magnet servomotors, the ability to control 
torque is restricted to the ability to control stator flux and 
the angle between the stator axis and the rotor axis. 

35 However, if the stator flux is increased beyond a maxi- 
mum level, demagnetization of the rotor magnets can 
occur. In an induction motor, control of stator flux, rotor 
flux and the angle between them is accomplished by 
vector control. This control strategy is capable of getting 

40 the same dynamic performance from an AC induction 
motor as is typically achieved in a DC machine. A brief 
review of DC technology will make vector control tech- 
nology and strategy easier to understand. 

Electric motors produce torque by the interaction of 

45 two magnetic fields. One of the fields is from the rotor 
and the other is from the stator of the motor. These 
fields are magnetic lines of force or flux in the air gap 
between the rotor and the stator. When these magnetic 
fields are in alignment (north pole to south pole) no 

so torque is produced. When one of the fields is rotated, 
the other field will attempt to follow it to maintain mag- 
netic alignment. If a load is applied on the rotor, its mag- 
netic field will begin to lag the other magnetic field 
associated with the stator. As the load is increased, the 

55 rotor field will fall further behind until the magnetic fields 
are 90° out of alignment. At this point the fields produce 
their maximum magnetic interaction which is equal to 
the pullout torqu in an electric motor. 
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In a typical permanent magnet DC motor the arma- 
ture is on the rotor and the permanent magnets are in 
the stator. The commutator and brushes in the motor 
switch the polarity of the applied voltage through the 
rotor windings (armature) such that the flux angle 
between the rotating armature and the stator field flux is 
held at 90° by mechanical commutation, the DC motor 
will produce constant (rated) torque from zero speed to 
rated speed. Fig. 2 shows this relationship. 

In a shunt wound DC motor, the permanent mag- 
nets are replaced with an electromagnet. Like the per- 
manent magnet motor, the electromagnetic field 
winding of a shunt wound motor is on the frame and the 
rotor carries the armature winding. These two windings 
are electrically independent, so the voltage applied to 
each of them can be controlled. When a voltage is 
applied to both of the windings a rotating magnetic field 
is created in the air gap between the rotor and stator. 
The amount of torque produced by the motor is propor- 
tional to the product of the armature and field currents 
up to the motors base speed. It will produce rated 
torque up to its rated speed. When it reaches rated 
speed the motor develops its rated HP, as shown in Fig. 
3. Since some applications require the motor to run 
above its rated speed, it should be noted that, for con- 
stant HP, speed and torque are inversely proportional. If 
the field voltage and current are decreased, the speed 
of the armature will increase, and HP will remain con- 
stant, see Fig. 3. Applications which require higher than 
rated speed operation of the motor are generally 
referred to as constant HP applications. 

Reducing or weakening the flux of one of the fields 
is termed field weakening. In a permanent magnet 
brushed motor, there is no control over the stator mag- 
netic field so operation above rated speed is not possi- 
ble without increasing armature voltage above its rated 
voltage. 

Brushiess DC motors are based on similar control 
methods; Fig. 4 is a block diagram illustrating the basic 
elements of a typical brushiess DC motor control. In this 
construction, permanent magnets are fixed on the rotor 
and field windings are provided in the stator. Hall effect 
sensors are mounted on the stator housing and produce 
rotor position feedback signals each time a magnetic 
pole of the rotor passes the sensor. As earlier dis- 
cussed, to obtain the desired speed and torque values, 
it is necessary to control the applied voltage and current 
flow, respectively, in the stator coils. The control typically 
utilizes the known technique of pulse width modulation 
(PWM) to obtain the desired voltage and current values. 
Therefore, through PWM, the desired applied voltage 
and current flow to the stator coils can be obtained. The 
net result is the application of blocks of current 19 in 
each phase as shown in Fig. 1(b) which produce a total 
motor current having a magnitude defined by the output 
of the current regulator. 

Although torque control is not typically used, a 
brushiess DC motor may be commanded under torque 



control. In that situation, a torque control responds both 
to a torque limit signal and to the velocity error signal 
and limits the velocity error signal to the torque limit sig- 
nal. More specifically, under normal operation, when 

5 speed and torque are set, assuming the velocity error 
signal does not exceed the set torque signal, the motor 
control will bring the motor up to the set speed. As the 
load on the motor increases, the speed will start to 
reduce and the speed error signal will increase. The 

io current regulator will supply more current to bring the 
motor back to the commanded velocity. As the load con- 
tinues to increase, the speed error signal will reach the 
limit established by the torque limit signal. At that point, 
the motor is under torque control. The current regulator 

rs will then control the pulse width modulator to establish a 
current and torque in the motor corresponding to the 
torque limit. The torque limit signal may be varied, and 
current flow and motor torque changed in accordance 
therewith. When the torque control is not being used, 

20 the set torque signal is set to its maximum value. 

The AC induction motor also produces torque by 
the interaction of two magnetic fields, but the way these 
fields are established in the air gap differs from a DC 
motor. In a three phase induction motor the windings 

25 are on the stator; there are 2 poles wound on the stator 
for each phase of a 2 pole motor, 4 for a 4 pole motor, 
and 6 for a 6 pole motor, etc. The rotor of the induction 
motor is constructed of bars which are shorted at their 
ends. When AC power is applied to the stator windings 

30 a rotating magnetic field is produced. As the magnetic 
field rotates, current is induced into the bars of the rotor 
causing it to produce torque and rotate. However, the 
angular alignment between the stator magnetic field 
and the field induced in the rotor is not necessarily 90°. 

35 Since the induction motor does not have a commuta- 
tor/brush system to fix the angle of the magnetic fields 
at 90°, it will not inherently produce rated torque from 
zero speed to rated speed, as described for the DC 
motor (see Fig. 2). 

40 For an induction motor to provide a controlled 
torque from zero speed to rated speed, electronic con- 
trol means is required to keep the magnetic axes for sta- 
tor (magnetizing) flux and rotor (torque producing) flux 
at 90°. This type of control is commonly referred as field 

45 oriented control, vector control or torque angle control; 
for consistency, vector control will be used throughout 
the specification to identify this type of electronic con- 
trol. Vector control provides a form of electronic commu- 
tation of the flux fields, essentially simulating the 

so mechanical commutator in a DC motor. Vector control 
adjusts the frequency and phase of the voltage and cur- 
rent applied to the motor to maintain the 90° phase rela- 
tionship between the stator and rotor fluxes. This 
enables the motor to operate with high torque capability 

55 at all speeds, including speeds where torque control is 
not feasible for other controls systems, such as zero and 
above the synchronous speed. 

The vector controller decouples the current that will 



6 



11 



EP 0 715 566 B1 



12 



be applied to the motor in the 90* components of flux 
(magnetizing) and torque currents. These current com- 
ponents are vectorially added in the controller's CPU. 
Fig. 6 shows the wave forms of the current components 
and the resultant vector current waveform that is applied 5 
to the stator winding of the motor by the vector control- 
ler. The flux or magnetizing current component remains 
essentially fixed up to the rated speed of the motor and 
the toque current component is metered to the motor in 
direct proportion to the applied load. Vector control of an w 
induction motor provides rated torque at rated load from 
zero to rated speed of the motor. Peak torques of 150- 
300% are available for momentary loads depending 
upon the controller selected and the limitations of the 
motor. Constant HP operation above rated speed is also 15 
possible with a vector drive. The controller CPU reduces 
the flux current at speeds above the user programmed 
base speed to provide constant HP operation up to the 
speed limit of the motor or the maximum output fre- 
quency of the controller. 20 

The overall block diagram for vector control of an 
AC induction motor is illustrated in Fig. 7. Although the 
basic AC motor is simple, variable-speed operation 
requires a more complex control method than the DC 
machine. The most common strategies of adjustable 25 
frequency motor drives rely on fixed relationships 
between voltage and frequency. They use resistors and 
capacitors in a discrete control loop or inner/outer con- 
trol loops that slave one variable to another. These 
methods produce drives with limited performance com- 30 
pared with DC drives. They are suited mostly to applica- 
tions such as fans and pumps, in which a 4:1 speed 
range is sufficient. 

In contrast, the AC vector controller provides the 
equivalent of a "terminal" that allows application of a 35 
torque demand signal, a feature common AC control 
loops lack. The field orienter and 3-phase waveform 
generator, which are part of the controller logic, form 
this terminal. Control algorithms in the controller CPU 
replace discrete control loops. 40 

if the position angle of the rotor flux is known, field 
orientation in induction machines can be implemented 
the same way as for synchronous machines. However, 
there are two essential differences between the two. 
First, unlike the synchronous motor, the position angle 45 
of the rotor flux in an induction motor is not a direct, 
measurable mechanical quantity. Second, the induction 
motor relies on stator current for both magnetizing and 
torque-producing components. In the synchronous 
machine, field current is independently controlled. so 

In the induction machine, stator current has two 
components, the flux (magnetizing) and torque-produc- 
ing currents. To conform to the torque control require- 
ments outlined earlier, these two components must be 
separated and independently controlled. In addition, the 55 
orthogonal relationship between the two currents must 
b maintained. Both amplitude and phase of the AC cur- 
rents must be controlled to achieve the requirements 



outlined for torque control. 

In a three-phase machine, there are three stator 
and three rotor currents. Fig. 8 shows the common 
modeling procedure for finding a two-phase equivalent 
of the three-phase machine, thereby reducing the 
number of system variables. The q and d axes denote 
the two phases, with the shaded area between them 
emphasizing the right-angle relationship required to 
prevent interaction between flux and MMF (magneto- 
motive force). The a, b, and c, axes represent the three- 
phase configuration. A similar transformation holds for 
voltages, fluxes, etc. and is equally applicable to both 
the stator and the rotor variables. 

Suitable transformation by the controller CPU pro- 
vides the torque- and flux-producing components of the 
stator currents from feedback of the stator currents and 
the speed of the reference frames. The resulting inde- 
pendent currents are compared with the relevant refer- 
ences. The respective errors set the magnitude and 
relative position of the stator current phasor. Then, an 
inverse transformation recovers information in stator ref- 
erence frames. 

There are two basic approaches to determining the 
rotor flux position angle: (1) direct schemes that meas- 
ure the angle electrically; and (2) indirect strategies that 
use the slip relation inherent in field orientation to com- 
pute the angle. Measurement of the flux angle requires 
two steps, illustrated in Figs. 9a and 9b. First, a rotor flux 
computer, labeled "C", calculates the rotor flux compo- 
nents 20 from measurable quantities, i.e., motor input 
signals 22. Then, a field orienter "FO" computes the 
magnitude 24 and angle 26 of the rotor flux vector. 
These functions, which can be precisely linked in the 
control logic, provide critical information, such as flux 
angle, which permits coordinate transformation. Also, 
flux amplitude, which provides a basis for its regulation. 
Then, there is phase current information, which together 
with the flux amplitude permits calculations of instanta- 
neous motor torque. 

Because the direct method of field orientation 
depends on actual measurement of the rotor flux posi- 
tion angle, its implementation requires special motors 
and sensors. Therefore, indirect strategies are often 
chosen, eliminating the need for specialized motor 
hardware. An encoder or other speed sensor is the only 
addition to the standard induction motor for an indirect 
vector control scheme. 

The control circuit shown in Fig. 7 is based on an 
indirect field orientation system using a CRPWM (cur- 
rent regulated pulse width modulated) inverter. The field 
orienter provides torque and flux producing components 
28, 30 of the current based on the feedback and refer- 
ences indicated. A synchronous-to-stator transforma- 
tion converts the commanded currents 32, 34, 36, 38, 
40 to stator-referred reference currents providing PWM 
trigger signals 202. Summing a rotor position signal and 
a slip position signal generates the field angle. A shaft 
(incremental) encoder provides rotor position directly 
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and a slip calculator produces the slip position. In the 
CRPWM-based system of Fig. 7, several of the func- 
tions are actually part of the software in the controller 
CPU; these include field orientation, coordinate trans- 
formation, 2 to 3-phase calculation and slip calculation. 5 
In practice, all functions, except for the PWM inverter 
would be performed by the controller using one or more 
CPUs. 

As discussed previously in general terms, there are 
three independently controlled requirements for torque io 
control: armature current, constant field flux, and a 90° 
angle between the flux axis and the MMF axis. To see 
how this system meets these requirements, the follow- 
ing observations can be made. It uses independent cur- 
rent control of the stator current in the same manner as is 
the DC machine. Controlling the flux-producing current 
independent of the torque-producing current provides 
independent flux control. The stator current has two 
independently controlled components. Using one motor 
field angle, which is computed from rotor position and 20 
slip frequency, maintains the spatial orientation of the 
rotor flux with respect to the torque-producing current. 

Fig. 10 is a schematic block diagram illustrating the 
use of vector controlled AC induction motors as sources 
of motive power on a typical injection molding machine. 25 
A machine control 104 is connected to an operator sta- 
tion 84 which contains operator push-buttons and input 
switches 85 and a display device 86. The display device 
86 on the operator station 84 may be limited to indicator 
lights or may be a color cathode ray tube or other panel 30 
display which can provide real time information as to the 
status of the injection molding cycle. The machine con- 
trol 104 may be represented by any suitable control 
which provide closed-loop capability, such as the 
CAMAC series of injection molding machine controls 35 
manufactured and sold by Cincinnati Milacron Inc. An 
example of such a control is described in U.S. Patent 
No. 4,745,541 which is expressly incorporated herein by 
reference. The control 104 is basically comprised of a 
logic processor 71 and associated program and data 40 
store 73. The store 73 typically contains memory for 
storing the operating system program for the logic proc- 
essor 71 and memory for storing a sequence of logic 
instructions to be executed by the logic processor for 
providing a cycle of operation of the injection molding 45 
machine. The logic instructions are generally prepro- 
grammed and loaded into ROM memory in the store 73. 
The store 73 further contains memory for storing data 
associated with the desired cycle of operation. The data 
may represent desired position, velocity, temperature, so 
pressure or other data which represents set points or 
limits required to operate the machine to produce an 
acceptable part. The operator may modify the set point 
data through the operator station 84. 

In executing the logic instructions the logic proces- 55 
sor 71 controls the real time functions of the machine by 
producing via th I/O int rface 77 velocity, torqu and 
other set point command signals to the appropriate 



motor controllers and other machine devices to initiate a 
cycle of operation. The processor 71 receives position, 
velocity, pressure, temperature and other signals from 
the machine and operates with the control loop proces- 
sor 75 to change the states of or terminate existing set 
point signals and/or produce new set point signals to the 
machine to continue the cycle of operation. 

The store 73 also contains dual port memory 53 
which is shared by the logic processor 71 and the con- 
trol loop processor 75. One function of control loop 
processor 75 is to close a servoloop in the control 104. 
For example, the control loop processor 75 may read a 
velocity command signal from the dual port memory 
and store it in the buffer 63. The buffered velocity com- 
mand signal is provided to the controller 87 to command 
motion of the clamp unit, a position feedback signal on 
line 98 representing the position of the clamp unit is 
received through a I/O interface 77. The control loop 
processor 75 algebraically sums in adder 65 the posi- 
tion feedback signal with a programmed position set 
point signal stored in the dual port memory portion of 
the store 73. When the resultant sum equal zero, i.e., 
the actual position of the clamp unit equals the pro- 
grammed position, the control loop processor 75 termi- 
nates the existing velocity command signal to the 
controller 87 or provides a new velocity command signal 
to the buffer 63. Similarly, a pressure feedback signal 
may be received through I/O interface 77 from a pres- 
sure transducer 168 on the machine which measures 
the pressure on an extruder screw in the injection unit 
102. The analogue pressure feedback signal is con- 
verted to a corresponding digital signal which is alge- 
braically summed or compared in adder 65 with a 
programmed pressure set point or limit signal stored in 
the dual port memory portion of the store 73. If the 
actual pressure exceeds the pressure limit, the error 
signal representing the pressure difference may be 
used by the signal modifier 51 to modify or reduce a 
velocity command signal in the buffer 63. The control 
loop processor may be embodied using either digital or 
analogue technologies. The machine control 104 has 
other components, capabilities, and functions but a dis- 
cussion of those is not required for an understanding of 
the present invention. 

At the appropriate times in the cycle, velocity and 
torque set point signals are produced to the vector 
motor controllers 87, 88, 89, and 90. Those controllers 
are essentially identical in construction and operation to 
the vector controller described in Fig. 7. Briefly summa- 
rizing the operation of the clamp motor controller 87, a 
speed control within the motor controller responds to a 
velocity command signal on input 92 and a velocity 
feedback signal on line 93 from the AC induction motor 
124 to produce a velocity error signal. Similarly, within 
the controller 87, a torque control is responsive to a 
torque limit signal on input 91 and a motor current feed- 
back signal created within the controller 87 to produce a 
torque error signal. A pulse width modulator responds to 
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either or both of the error signals as determined by the 
controller 87 to produce a modulated output signal to 
inverter drive logic. The inverter drive logic in controller 
87 responds to a rotor position signal on line 94 pro- 
duced by Hall effect sensors, or other suitable sensing 5 
devices on the clamp motor 124 to control the switching 
of inverter power transistors, thereby producing three- 
phase drive signals on lines 95, 96, and 97 connected to 
the stator coils of the motor 124. 

The motor 1 24 is mechanically coupled to a clamp 10 
unit 100 and causes relative motion between the clamp 
members. A position feedback device 132 is connected 
to the clamp unit to produce a position feedback signal 
on line 98 representing the position of a movable clamp 
member. Further, the controller 87 may also produce a is 
velocity feedback signal to the machine control 104 rep- 
resenting the angular velocity of the motor 124. 
Although velocity feedback signals may be produced by 
any or all of the controllers, it is illustrated in Fig. 10 as 
being produced by the extruder motor controller 89 on 20 
line 101. The operation of motor controllers 88, 89, and 
90 and their respective servomotors 156, 148, and 103, 
are similar to the operation of the clamp motor controller 
87 and AC induction motor 124 just described. One 
additional signal which is utilized in controlling the injec- 25 
tion unit during pressure profiling is a pressure feedback 
signal from pressure transducer 168, which is input into 
the machine control 104 and allows direct measurement 
of injection pressure. 

Fig. 11 illustrates an injection molding machine to 30 
which AC induction motors are applied. The machine is 
comprised of a clamp unit 100 and an injection unit 102, 
each mounted on a base 105. The clamp unit 100 is 
comprised of rectangular stationary platens 108 and 
1 10 which are connected by four tie bars at the platen 35 
corners. Two tie bars 112 and 114 are shown. The tie 
bars operate as guides for a movable platen 116. Mold 
halves 1 18 and 120 are affixed to the platens 1 16 and 
110, respectively; and when the clamp is in the closed 
position shown, a mold cavity 122 is formed between 40 
the mold halves. A gate opening 123 passes through 
mold half 120 and stationary platen 110 to permit the 
injection of a plastic melt into the mold cavity 122. The 
moving platen is operated by an AC induction motor 124 
mounted on the stationary platen 1 08. The motor is con- as 
nected to a ball screw 126 by a belt coupling 127. A 
gear drive or other mechanical coupling may also be 
used. The ball screw nut 128 is mounted in a toggle 
mechanism 130 which provides a mechanical advan- 
tage for the motor 124 in operating the clamp unit 100. so 
The position feedback device 132, such as a linear 
potentiometer, provides a signal representing the posi- 
tion of the movable platen 1 1 6 relative to the stationary 
platen 108. 

The injection unit 102 includes an extruder mecha- ss 
nism comprised of a tubular barrel 140 with an extruder 
screw 142 rotationally and translationally mounted 
therein. The screw is journalied in the stationary mem- 



ber 144, and one end of the screw 142 is rotatably 
secured in the movable member 146. Rotational motion 
of the screw 1 42 is provided by the motor 148 mechan- 
ically connected to the screw by a belt coupling 150, 
which may also be implemented by any other suitable 
mechanical coupling. The movable member 146 rides 
on a pair of parallel bar guides, one of which is shown at 
152, connected between the stationary members 144 
and 154. An AC induction motor 156 mounted on the 
member 154 is connected to a ball screw 158 by a belt 
coupling 160 or the like. The ball screw nut 162 is 
mounted in the movable member 146; and therefore, _ 
the motor 156 is operative to provide linear motion to the 
member 146 and the extruder screw 142 toward and 
away from the stationary platen 110. A position feed- 
back signal representative of the position of the member 
146 is obtained from a conventional feedback device 
164, typically shown as a linear potentiometer. 

Referring to Figs. 10 and 1 1 , there are several other 
motors typically used on an injection molding machine. 
The ejector unit 170 is integrated with the mold and is 
operative to eject the finished molded part as the mold 
opens. The ejector unit is coupled to an AC induction 
motor 103 which is connected to a motor controller 90. 
The machine control 104 provides a velocity set point 
signal to the controller 90 at the appropriate time in the 
injection molding cycle and also in response to an ejec- 
tor position feedback signal from the feedback device 
1 72. The ejector unit is under servocontrol to accommo- 
date the various requirements and operations of differ- 
ent molds. 

A die height unit 174 is typically integrated into the 
tie bars and platen 108 shown in Fig. 1 1 . The die height 
unit provides an adjustment of the spacing of platen 
108, including toggle mechanism 130 and movable 
platen 116, relative to the stationary platen 110 to 
accommodate different molds having different mold 
thicknesses when the molds are in the closed position. 
The die height unit is controlled by an AC motor 176 
which is connected to a motor starter 178. The die 
height adjustment is manually controlled by the operator 
which results in the machine control 104 producing for- 
ward or reverse command signals to the motor starter 
178. 

The injection sled 180 generally rides on tracks (not 
shown) on the base 105 and supports the entire injec- 
tion unit 102, thereby permitting the injection unit to be 
moved toward and away from the stationary platen 1 1 0. 
The injection sled is mechanically coupled to an AC 
induction motor 182 which is connected to a motor 
starter 184. Again, the operation of this unit is manually 
controlled by the operator which results in the machine 
control 104 providing forward or reverse command sig- 
nals to the motor starter 184. It should be noted that 
although motors 176 and 182 are identified as being 
AC, they are merely general purpose motors and could 
be brushed AC or DC, brushl ss (permanent magnet) 
AC or DC, or AC induction, as might be best suited for 
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the particular application. In fact, it is intended that the 
control of the present invention will accommodate any 
combination of motor types in order to optimize machine 
performance. 

Referring to Figs. 10 and 11, a cycle of operation 5 
will briefly be described starting with the clamp unit 100 
in the illustrated closed position. Also as illustrated, 
solid thermoplastic, thermoset or other material from 
the hopper 166 will have been plasticized by the screw 
142 to form a liquid phase plastic melt or shot in front of 
the screw. Plastication time is optimized by providing 
external heat to the barrel 140, typically by a plurality of 
circumferentially mounted heater bands 141. To initiate 
an injection cycle, the machine control 104 provides a 
velocity command to the motor 156 in order to move lin- 
early member 146 and screw 142 towards the platen 
1 1 0. Several velocity command signals may be given by 
the machine control 104 to control the linear velocity of 
the screw 142 as a function of the position of the screw 
142 relative to the platen 110, as detected by the posi- 
tion feedback device 1 64. As the screw 1 42 moves line- 
arly in the barrel 140 toward the stationary platen 110, 
the plastic melt is injected through the orifice 143 and 
gate opening 123 into the mold cavity 122. The screw 
position defining the end of the linear motion of the 
screw 142 is then detected by position feedback device 
164, and the machine control 104 transfers to the pack 
cycle. Alternatively, the machine control 104 may trans- 
fer to the pack cycle at the end of a predetermined 
period of time or when the pressure as measured by the 
pressure transducer 168 exceeds a predetermined 
pressure limit. During the injection cycle in the subse- 
quent pack and hold cycles, the extruder motor control- 
ler 89 is provided with a zero velocity signal and a 
maximum torque command signal. Those signals are 
necessary to keep the extruder screw from rotating in 
the presence of the linear forces exerted on the screw 
during the injection, pack, and hold cycles. 

During the pack cycle, the machine control provides 
a velocity command signal and one or more torque 
command signals for predetermined periods of time. 
The object is to continue to push the material into the 
mold to complete the mold filling process. The motor 
controller 88 will provide current to the motor 156 in 
order to achieve the velocity command. However, based 
on the motor current feedback which is proportional to 
torque, the motor torque control will limit the current so 
that the commanded torque is not exceeded. At the end 
of a predetermined period of time, marking the end of 
the pack cycle, the machine control 104 transfers to the 
hold cycle. Again, the machine control provides a pre- 
determined velocity command signal and one or more 
torque command signals for predetermined periods of 
time which provide a torque limit profile during the hold 
cycle. After a predetermined period marking the end of 
the hold cycle the machine control 104 transfers to a 
cooling cycle during which there is no torque or velocity 
command signals for a further period of time while the 



molded part cools. 

During the cooling cycle, the machine control 104 
initiates an extruder run cycle in which the extruder 
motor 148 is run to extrude a new shot of molten mate- 
rial to the front of the screw 142. At the same time, the 
motor 156 must be operated to move the screw 142 
away from the platen 1 10 while maintaining a predeter- 
mined pressure on the molten plastic material or a pre- 
determined back-pressure on the extruder screw 142. 
The machine control 104 provides a velocity command 
to the controller 89 to cause the extruder screw motor 
148 to rotate the screw to piasticize more plastic mate- 
rial and carry it to the front of the screw adjacent to the 
orifice 143. At the same time, the machine control pro- 
vides a zero velocity command and a torque limit com- 
mand to the motor controller 88 to cause the motor 156 
to refrain from rotation but to maintain a predetermined 
back-pressure on the screw 142. As pressure builds up 
on the front of the screw, the controller 88 will have to 
supply more current to the motor 156 to maintain the 
zero velocity, i.e., to keep the motor from rotating. When 
the current detector in the motor controller senses a cur- 
rent representing a torque greater than the torque com- 
mand, the torque control within the controller 88 
overrides the velocity control, and the motor is allowed 
to rotate. The motor rotation will move the screw 142 
away from the platen 1 1 0 and reduce the back-pressure 
to the commanded torque limit. Consequently, as the 
screw 142 rotates to build a shot of molten plastic, the 
screw will be moved away from the platen 1 10 to main- 
tain a predetermined back-pressure on the screw. 

The machine control 104 may provide one or more 
velocity commands to the controller 89 and one or more 
torque commands to the controller 88 as a function of 
the position of the extruder screw 142 as detected by 
the feedback device 164. When the screw 142 reaches 
a predetermined final position, the machine control 
stops the operation of the extruder motor 148 and 
issues a velocity command to the controller 88 to move 
the screw further to remove the pressure from the mol- 
ten plastic material and the back-pressure from the 
screw 142. At the end of the molded part cooling cycle, 
the control 104 also provides a velocity command signal 
to the motor 124 to move the movable platen 1 16 in the 
direction away from the stationary platen 110 to open 
the mold. Different velocity command signals may be 
given to provide predetermined acceleration and decel- 
eration of platen 116 depending on its position as 
detected by the position feedback device 1 32. While the 
mold is opening, the control will provide velocity com- 
mand signals to an ejector unit 1 70 which includes an 
ejector motor 103 that actuates the mold part ejector 
mechanism (not shown) that can be carried by the mold 
half 118. The operation of the ejector motor 103 is con- 
trolled by a motor controller 90 that receives velocity 
command signals fr m machine control 104. The con- 
trol 104 also r ceives an ejector position feedback sig- 
nal from position feedback device 172 to control the 
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position of the part ejector mechanism (not shown). The 
different velocity commands are provided as a function 
of the position of the ejector mechanism as detected by 
the position feedback unit 172. The finished part is 
ejected from the mold; and then, under control of veloc- 5 
ity commands which are provided by the machine con- 
trol 104 as a function of the position of the ejector 
mechanism as detected by the position feedback unit 
172, the ejector motor 103 returns the part ejector 
mechanism to its original position. w 

When a fully opened mold clamp position is 
detected, the control 1 04 gives velocity command sig- 
nals to begin to moving the platen 116 in the opposite 
direction to again bring the mold halves together. The 
control 104 will generate several velocity commands is 
depending on the position of the platen 116 to control 
acceleration and deceleration and bring the mold halves 
into controlled contact. For example, movable platen 
1 16 may initially be moved at a rapid rate toward station- 
ary platen 1 1 0 to reduce overall cycle time until a prede- 20 
termined position is reached. Thereafter, a velocity 
command representing a low velocity is provided the 
controller 87 until another position is detected by the 
feedback device 132. The machine control 104 then 
provides a velocity command with a low valued torque 25 
command signal. Under normal circumstances, the 
mold halves will be brought together to the fully closed 
position as detected by the feedback device 132. How- 
ever, if there is interference between the mold halves, 
the torque limit control will override the velocity control 30 
and reduce current to the motor to reduce motor velocity 
and motion to protect the mold halves from damage 
caused by the interference. 

Assuming the mold halves reach the fully closed 
position, the torque command value is increased, and a 35 
velocity command is given to move the toggle to a lock- 
over position as shown in Fig. 1 1 . The mold clamping 
force is determined and controlled by the final position 
of the toggle mechanism 130 which is detected by the 
feedback device 1 32. 40 

Although the previously described control 
sequence will effectively operate an injection molding 
machine, an alternative approach may be used to 
improve machine performance. For some portions of 
the machine cycle, there may be torque pulsations or as 
surges during motor operation; this tends to be more 
noticeable at lower speeds and can cause variations in 
finished part characteristics. To minimize the torque pul- 
sations, pressure or another variable representing a 
process or machine force may be controlled using the so 
servomotor velocity loop. 

For example, torque pulsations in the injection 
motor cause periodically similar variations in pressure 
between the extruder screw and the molten material. 
Those pressure variations about a pressure set point 55 
may be used to modify invers ly a velocity command 
signal such that when the pressure increases, the 
velocity command signal is decreased and vice versa. 



The result is that the pressure variations caused by 
torque pulsations can be substantially reduced by using 
the servomotor velocity loop to control pressure. The 
pressure feedback signal is used by the control loop 
processor 75 to close a pressure loop within the control 
104 (see Fig. 10). The closed loop processor 75 com- 
pares a pressure feedback signal from the pressure 
transducer 168 with a programmed pressure set point 
or limit and produces an error signal representing the 
algebraic difference between the pressure limit and the 
pressure feedback signal. That error signal is used to 
modify a velocity command signal from the logic proces- 
sor 71. Hence, the servomotor velocity loop within the 
motor controllers is controlled by a pressure control loop 
within the control 104. 

Referring again to Figs. 10 and 1 1 , during the injec- 
tion cycle, control loop processor 75 in the machine 
control 104 provides velocity command signals as a 
function of the position of the extruder screw 142. Fur- 
ther, the control loop processor 75 compares the pro- 
grammed pressure limit with the actual pressure as 
represented by the pressure feedback signal. As long 
as the actual pressure remains equal to or less than the 
pressure limit, the machine remains under velocity con- 
trol and the controller 88 will operate to move the 
extruder screw at a velocity equal to the velocity com- 
mand signal. However, when the actual pressure 
exceeds the pressure limit, the control loop processor 
75 switches to a pressure control mode in which the 
velocity command signal is reduced in proportional to 
the magnitude of the pressure error signal. The control 
loop processor will continue to control the magnitude of 
the velocity command signal until the actual pressure 
again is equal to or less than the pressure limit, at which 
point the motor controller 88 is again under the exclu- 
sive control of the velocity command signal. The injec- 
tion cycle continues under velocity or pressure control 
as described above until an extruder screw position is 
reached which causes the machine control to transfer to 
the pack cycle. 

As previously described, during the pack cycle, the 
machine control 104 provides one or more torque com- 
mand signals over predetermined periods of time. Using 
the alternative of pressure feedback, the servomotor 
torque control is not used. Instead, the control loop 
processor 75 provides a velocity command signal and 
one or more pressure set point signals over predeter- 
mined periods of time. The control loop processor func- 
tions as described relative to the injection cycle. The 
processor 75 provides the programmed velocity com- 
mand as long as the actual pressure is equal to the 
pressure set point. However, if the actual pressure var- 
ies from the pressure set point, the control loop proces- 
sor modifies the velocity command signal as a function 
of the pressure error signal. After a predetermined 
period of time defining the pack cycle, the control 104 
transfers to the hold cycle. Instead of using torque con- 
trol as previously discussed, the hold cycle can be con- 
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trolled by modifying the servomotor velocity control as a 
function of extruder screw pressure. 

As noted earlier with respect to Figs. 1 0 and 1 1 , the 
extruder run cycle requires that the extruder screw 
rotate to build up a quantity of plastic melt in front of the 5 
screw. At the same time, the motor 156 is provided a 
zero velocity signal with a torque limit command to 
maintain a predetermined back pressure on the screw. 
In the alternative control approach, a velocity command 
is provided but the servomotor torque control is not 10 
used. Instead, as previously described, a pressure con- 
trol loop is closed within the control 104 and used to 
modify the velocity command signal if the actual pres- 
sure on the extruder screw varies from the pressure set 
point. 75 

By using the alternative approach of controlling the 
injection servomotor velocity loop as a function of 
extruder screw pressure as opposed to injection motor 
torque control, the torque pulsations of the motors in an 
injection molding machine can be substantially reduced. 20 
The total effect is to reduce pressure fluctuations and 
substantially improve pressure control performance on 
an injection molding machine utilizing vector controlled 
AC induction motors. 

One of the drawbacks to implementing vector con- 25 
trol in injection molding machines is that the computer 
section for this type of control system is very complex 
and expensive. To reduce the expense and complexity 
of the system, the vector control for the motor drives can 
be configured to run multiple motors, potentially all of 30 
the motors in an injection molding machine, one or more 
at a time. This would be accomplished by multiplexing 
the computer controller circuits tor each motor's power 
sections, as shown by the block diagram of Fig. 5. In 
effect, the motor controllers 87, 88, 89 and 90 (Fig. 10) 35 
are divided into a CPU section and a power section 
(module), so that one CPU section 190 can be used to 
support four power modules 194, 196, 198 and 200. 
The CPU section 190 includes essentially all of the con- 
trol circuit elements shown in Fig. 7 except for the 40 
inverter, which is included in each of the power modules 
194, 196, 198 and 200. By sharing the CPU section 190 
between several motors and power transistors, a signif- 
icant cost savings is realized without sacrificing 
machine performance. 45 

By capitalizing on the fact that a typical injection 
molding machine generally activates the motors tor the 
various axes one at a time, the controller CPU 190 is 
effectively shared (multiplexed) between the power 
amplifier sections of each drive axis. This multiplexing so 
capability would require a switch bank 192 to switch the 
PWM trigger signals 202 from the CPU section 190 of 
the vector controller to the power amplifier section 
(power module) 194, 196, 198, 200 of the machine axis 
tor which movement is required. The switch bank 192 ss 
performs the multiplexing by directing the one set (six) 
of PWM (transistor) trigger signals 202 from the CPU 
section 190 to the appropriate power module(s) 194, 



196, 198, 200. The command input signals for the 
switch bank 192 could come from the machine control 
104 or from a separate programmable logic controller 
that is sequencing the machine. The switch bank 192 
could include either mechanical or solid state switches; 
regardless of the type of switch, there must be the ability 
to switch based on an external command input signal. 

It should be noted that the multiplexing and associ- 
ated switching previously described are equally applica- 
ble to the drive systems of other types of electronically 
controlled motors, such as permanent magnet AC and 
DC brushless motors. In a brushless DC motor, for 
example, the computer section would include the circuit 
elements shown in Fig. 4 (rather than the vector drive 
circuitry); as before, the inverter would be included in 
each of the separate power modules. 

As previously mentioned, AC permanent magnet 
servomotors have been applied to injection molding 
machines, but their use results in several inherent dis- 
advantages. First, AC servomotors have been designed 
for high servomechanism performance and have been 
typically applied to machine tools, robots, and other 
industrial equipment. The high servomechanism per- 
formance characteristics are desired because of the 
greater positioning accuracies required in those appli- 
cations. That, in turn, leads to servomotor designs 
which minimize inertia, size, and consequently power. 
The complexity of the control and the cost of rare earth 
magnets adds significantly to the price of AC servomo- 
tors. Further, in high load applications where greater 
motor power is required, two or more motors must be 
ganged together, which further increases cost. Moreo- 
ver, the ganging together of AC servomotors adds addi- 
tional problems in the mechanics and control and may 
adversely effect efficiency. 

Returning to Fig. 1 1, a vector controlled AC induc- 
tion motor is particularly useful as the clamp motor 124. 
As the size of the injection molding machine increases 
to a larger size to produce larger parts, e.g. 5 Mega 
Newtons (500 tons) or more of clamping force, two or 
more AC permanent magnet servomotors are required 
to be ganged together in order to obtain the desired 
mold clamping forces. With an AC induction motor, only 
a single motor is required to operate satisfactorily the 
clamp tor a wider range of machine sizes, including 
machines of over 5 Mega Newtons (500 tons) of clamp- 
ing force. 

Similarly, conventional permanent magnet servo- 
motors are being used for the injection unit motor 156 
and the extruder motor 148. Again, the AC induction 
motor can be controlled exclusively with the vector con- 
trol; and for larger machine sizes, only a single motor 
would be required as opposed to a plurality of AC per- 
manent magnet servomotors. 

The application of vector controlled AC induction 
motors to injection molding machine servo systems has 
been rejected by others who have followed the tradi- 
tional beliefs that permanent magnet servomotors are 
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required to obtain satisfactory performance in sophisti- 
cated industrial equipment. 

While the invention has been illustrated in some 
detail according to the preferred embodiment shown in 
the accompanying drawings, and while the preferred s 
embodiment has been described in some detail, there is 
no intention to thus limit the invention to such detail. On 
contrary, it is intended to cover all modifications, altera- 
tions, and equivalents falling within the scope of the 
appended claims. 10 

Claims 

1. An injection mo\dlng machine for producing a 
molded part by injecting a molten material into mold is 
elements (118,120) forming a mold cavity (122) 
defining the molded part, the machine comprising: 

(a) clamp means (100) for supporting and mov- 
ing the mold elements between open and 20 
closed positions; 

(b) injection means (102) for injecting the mol- 
ten material into the mold cavity, said injection 
means including a screw member (142) rotata- 

bly and translatably carried in a tubular barrel 25 
(140) having an end in communication with the 
mold cavity; 

(c) first drive means (124,126,128) mechani- 
cally coupled to the clamp means for imparting 
relative motion to the mold elements; 30 

(d) second drive means (148) mechanically 
coupled to the injection means for rotating the 
screw member; and 

(e) third drive means (156,158,162) mechani- 
cally coupled to the injection means for trans- 35 
lating the screw member within the tubular 
barrel; 

wherein at least one of the first drive means, the 
second drive means, and the third drive means fur- 40 
ther includes an AC induction motor (124,148,156) 
having a rotor, a stator comprised of a plurality of 
sets of three phase windings, and means for detect- 
ing angular positions of the rotor, 

Characterised in that the machine com- 45 

prises 

(1) vector controller means (87,88,89) for con- 
trolling the AC induction motor in response to a 
motor command signal, the vector controller so 
means being connected to the AC induction 
motor and including 

(i) a CPU for calculating torque and flux 
producing components of current passing 55 
through the stator windings, 

(ii) curr nt controller means for producing 
pulse width modulated trigger signals 



based on the CPU calculations to regulate 
the current, and 

(iii) power amplifier means for receiving the 
pulse width modulated trigger signals and 
applying a controlled current to the stator 
windings to produce a commutation effect 
thereby creating a controlled torque and 
speed for the AC induction motor; and 

(2) machine control means (104) connected to 
the vector controller means for producing the 
motor command signal. 

2. The apparatus of claim 1 wherein at least another 
of the first drive means, the second drive means 
and the third drive means comprises: 

(a) an AC induction motor (124,148,156) hav- 
ing a rotor, a stator comprised of a plurality of 
sets of three phase windings, and means for 
detecting angular positions of the rotor; and 

(b) vector controller means (87,88,89) con- 
nected to the AC induction motor for controlling 
the motor, the vector controller means includ- 
ing 

(1) a CPU for calculating torque and flux 
producing components of current passing 
through the stator windings, 

(2) current controller means for producing 
pulse width modulated trigger signals 
based on the CPU calculations to regulate 
the current, and 

(3) power amplifier means for receiving the 
pulse width modulated trigger signals and 
applying a controlled current to the stator 
windings to produce a commutation effect 
thereby creating a controlled torque and 
speed for the AC induction motor. 

3. The apparatus of claim 2 wherein the vector con- 
troller means of each drive means shares a com- 
mon CPU (190) connected to multiplexing means 
(192) for switching the pulse width modulated trig- 
ger signals produced by the current controller 
means to the power amplifier means (194,198,200) 
for each AC induction motor based on an external 
command input signal. 

4. The apparatus of claim 1 wherein each of the first 
drive means, the second drive means and the third 
drive means comprises: 

(a) an AC induction motor (124,148,156) hav- 
ing a rotor, a stator comprised of a plurality of 
sets of three phase windings, and means for 
detecting angular positions of the r tor; and 

(b) vector controller means (87,8B,89) con- 
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nected to each AC induction motor for control- 
ling each motor, the vector controller means 
including 

(1) a CPU for calculating torque and flux 5 
producing components of current passing 
through the stator windings, 

(2) current controller means for producing 
pulse width modulated trigger signals 
based on the CPU calculations to regulate w 
the current, and 

(3) power amplifier means for receiving the 
pulse width modulated trigger signals and 
applying a controlled current to the stator 
windings to produce a commutation effect 15 
thereby creating a controlled torque and 
speed for the AC induction motor. 

5. The apparatus of claim 1 further comprising: 

20 

(a) ejector means (170) for ejecting the molded 
part from the mold cavity; 

(b) die height means (174) for adjusting the 
clamp means relative to the mold elements; 

(c) injection sled means (180) for positioning 25 
the injection means relative to the mold ele- 
ments; 

(d) fourth drive means (103) mechanically cou- 
pled to the ejector means for imparting motion 

to the molded part; 30 

(e) fifth drive means (176) mechanically cou- 
pled to the die height means for adjusting the 
position of the clamp means; 

(f) sixth drive means (182) mechanically cou- 
pled to the injection sled means for imparting 35 
relative motion to the injection sled means; 

(g) wherein at least one of the fourth drive 
means, the fifth drive means, and the sixth 
drive means further includes 

40 

(1) an AC induction motor (103,176,182) 
having a rotor, a stator comprised of a plu- 
rality of sets of three phase windings, and 
means for detecting angular positions of 
the rotor, and 45 

(2) vector controller means (90,178,184) 
for controlling the AC induction motor in 
response to a motor command signal, the 
vector controller means being connected 

to the AC induction motor and including so 

(i) a CPU for calculating torque and 
flux producing components of current 
passing through the stator windings, 

(ii) current controller means for pro- ss 
ducing pulse width modulated trigger 
signals based on th CPU calculations 

to regulate the current, and 



(iii) power amplifier means for receiv- 
ing the pulse width modulated trigger 
signals and applying a controlled cur- 
rent to the stator windings to produce 
a commutation effect thereby creating 
a controlled torque and speed for the 
AC induction motor; and 

(h) machine control means (104) connected to 
the vector controller means for producing the 
motor command signal. 

6. The apparatus of claim 5 wherein the vector con- 
troller means of each drive means shares a com- 
mon CPU (190) connected to multiplexing means 
(192) for switching the pulse width modulated trig- 
ger signals produced by the current controller 
means to the power amplifier means (194,196,198, 
200) for each AC induction motor based on an 
external command input signal. 

7. The apparatus of claim 1 wherein the commutation 
effect creating a torque on the rotor produces peri- 
odic torque pulsations thereby causing deviations in 
a process variable in response to the torque pulsa- 
tions, and wherein the machine control means 
(104) further comprises means for controlling the 

, process variable by modifying the motor command 
signal in response to the deviations in the process 
variable caused by the torque pulsations. 

8. The apparatus of claim 1 wherein the commutation 
effect creating a torque on the rotor produces peri- 
odic torque pulsations thereby causing deviations in 
a process variable in response to the torque pulsa- 
tions, and wherein the machine control means 
(104) further comprises: 

(a) means for producing a process feedback 
signal representing the process variable 
changing in response to the torque pulsations; 

(b) means for providing a set point signal repre- 
senting a predetermined value of the process 
variable; and , 

(c) means responsive to the set point signal 
and the process feedback signal for modifying 
the motor command signal in response to 
changes in the process variable from the pre- 
determined value thereby reducing the devia- 
tions in the process variable caused by the 
torque pulsations. 

9. An injection molding machine for producing a 
molded part by injecting a molten material into mold 
elements (118,120) forming a mold cavity (122) 
defining the molded part, the machine comprising: 

(a) clamp means (100) for supporting and mov- 
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ing the mold elements between open and 
closed positions; 

(b) injection means (102) for injecting the mol- 
ten material into the moid cavity, said injection 
means including a screw member (1 42) rotata- s 
bly and translatably carried in a tubular barrel 
(140) having an end in communication with the 
mold cavity; 

(c) first drive means (124,126,128) mechani- 
cally coupled to the clamp means for imparting 10 
relative motion to the mold elements; 

(d) second drive means (148) mechanically 
coupled to the injection means for rotating the 
screw member; 

(e) third drive means (156,158,162) mechani- 75 
cally coupled to the injection means for trans- 
lating the screw member within the tubular 
barrel; 

(f) wherein more than one of the first drive 
means, the second drive means, and the third 20 
drive means further includes 

(1 ) a motor (1 24, 1 48, 1 56) having a rotor, a 
stator comprised of a plurality of sets of 
three phase windings, and means for 25 
detecting angular positions of the rotor, 
and being characterised by 

(2) electronic controller means (87,88,89) 
for controlling the motor in response to a 
motor command signal, the electronic con- 30 
troller means being connected to the motor 
and including 

(i) a CPU for determining the charac- 
teristics of current to be applied to the 35 
motor, 

(ii) current controller means for pro- 
ducing trigger signals to regulate the 
current, and 

(iii) power amplifier means for recerv- 40 
ing the trigger signals and applying a 
controlled current to the stator wind- 
ings to produce a commutation effect 
thereby creating a controlled torque 
and speed for the motor; 45 

(3) the electronic controller having a CPU 
(190) connected to multiplexing means 
(192) for switching the trigger signals pro- 
duced by the current controller means to so 
the power amplifier means for each elec- 
tronically controlled motor based on an 
external command input signal; and 

(g) machine control means (1 04) connected to ss 
the electronic controller means for producing 
the motor command signal. 



PatentansprQche 

1. SpritzguBvorrichtung zum Hersteilen eines Form- 
teilsdurch Einspritzen eines geschmolzenen Mate- 
rials in Formelemente (118, 120), welche einen 
Formhohlraum (122) bilden, welcher das Formteil 
def iniert, wobei die Vorrichtung umfaGt: 

a) eine Klemmeinrichtung (100) zum Halten 
und Bewegen der Formelemente zwischen 
einer offenen und geschlossenen Stellung, 

b) eine Injektionseinrichtung (102) zum Injizie- 
ren des geschmolzenen Materials in den Form- 
hohlraum, wobei die Injektionseinrichtung ein 
Schraubenelement (142) enthait, welches 
drehbar und verschiebbar in einer rohrf Ormigen 
Trommel (140) getragen wird, die ein Endeauf- 
weist, das mit dem Formhohlraum in Verbin- 
dung stent, 

c) eine erste Antriebseinrichtung (124, 126, 
128), welche mechanisch mit der Klemmein- 
richtung gekoppelt ist, urn eine Relativbewe- 
gung zwischen den Formelementen zu 
erzeugen, 

d) eine zweite Antriebseinrichtung (148) zum 
Drehen des Schrauben elements, welche 
mechanisch mit der Injektionseinrichtung 
gekoppelt ist, und 

e) eine dritte Antriebseinrichtung (156, 158, 
162) zum Verschieben des Schraubenele- 
ments in der rohrfOrmigen Trommel, welche 
mechanisch mit der Injektionseinrichtung 
gekoppelt ist, 

wobei zumindest eine Antriebsrichtung aus der 
Gruppe der ersten, zweiten und dritten Antriebsein- 
richtungen weiterhin einen Wechselstromindukti- 
onsmotor (124, 148, 156) mit einem Lftufer, einem 
Stator mit mehreren Satzen von Dreiphasenwick- 
lungen und einer Einrichtung zum Detektieren von 
Winkellagen des Lflufers aufweist, 
dadurch gekennzeichnet, daG die Vorrichtung 
umfaBt: 

(1) eine Vektorsteuereinrichtung (87, 88, 89) 
zum Steuern des Wechselstrominduktionsmo- 
tors in Antwort auf ein Motorsteuersignal, 
wobei die Vektorsteuereinrichtung mit dem 
Wechselstrominduktionsmotor verbunden ist 
und umfaBt: 

(i) eine CPU zum Berechnen der drehmo- 
ment- und fluBerzeugenden Komponenten 
des Stroms, welcher durch die Statorwick- 
lungen f lieBt, 

(ii) eine Stromsteuereinrichtung zum 
Erzeugen von pulsbr it nmodulierten Trig- 
gersignalen auf der Grundlage der 
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Berechnungen der CPU, urn den Strom zu 
regulieren und 

(iii) eine Leistungsverstarkereinrichtung 
zum Empfangen der pulsbreitenmodulier- 
ten Triggersignale und zum Anlegen eines 5 
kontrollierten Stroms an die StatorwicHun- 
gen, urn einen Kommutationseffekt zu 
erzeugen, wodurch ein kontroitiertes Dreh- 
moment und eine korrtrollierte Geschwin- 
digkeit des Wechselstrominduktions- 10 
motors erzeugt werden, und 

(2) eine Maschinensteuereinrichtung (104), 
welche mit der Vektorsteuereinrichtung ist, 
zum Erzeugen des Motorsteuersignals. is 

Vorrichtung nach Anspruch 1, bei der zumindest 
eine weitere Arrtriebseinrichtung aus der Gruppe 
ersten, zweiten und dritten Antriebseinrichtung 
umfaBt: 20 

a) einen Wechselstrominduktionsmotor (124, 
148, 156) mit einem Laufer, einem Stator mit 
mehreren Satzen von DreiphasenwicWungen 
und einer Einrichtung zum Detektteren von 25 
Winkellagen des Laufers und 

b) eine Vektorsteuereinrichtung (87, 88, 89), 
welche mit dem Wechselstrominduktionsmotor 
verbunden ist, urn den Motor zu steuern, wobei 
diese Steuereinrichtung enthalt: 30 

(1) eine CPU zum Berechnen der drehmo- 
ment- und f luBerzeugenden Kbmponenten 
des Stroms, der durch die StatorwicWun- 
gen f lieGt, 35 

(2) eine Stromsteuereirrichtung zum 
Erzeugen von pulsbreitenmodulierten Trig- 
gersignalen auf der Grundlage der 
Berechnungen der CPU, urn den Strom zu 
regulieren, und 40 

(3) eine Leistungsverstarkereinrichtung 
zum Empfangen der pulsbreitenmodulier- 
ten Triggersignale und zum Anlegen eines 
kontrollierten Stroms an die StatorwickJun- 
gen, urn einen Kbmmutatotionseffekt zu 45 
erzeugen, wodurch ein kontrolliertes Dreh- 
moment und eine kontrollierte Geschwin- 
digkeit des Wechselstrominduktions- 
motors erzeugt werden. 

50 

Vorrichtung nach Anspruch 2, bei der die Vektors- 
teuereinrichtung jeder Arrtriebseinrichtung eine 
gemeinsame CPU (190) teilt, welche mit einer 
Mulitplexeinrichtung (192) zum Schalten der puls- 
breitermodulierten Triggersignale, welche von der 55 
Stromsteuereinrichtung erzeugt werden, zu der Lei- 
stungsverstarkereinrichtung (194, 198, 200) fOr 
jeden Wechselstrominduktionsmotor auf der 



Grundlage eines externen Steueretngabesignals 
verbunden ist. 

4. Vorrichtung nach Anspruch 1, bei der die erste 
Arrtriebseinrichtung, die zweite Arrtriebseinrichtung 
und die dritte Antriebseinrichtung umfassen: 

a) einen Wechselstrom-lnduktionsmotor (124, 
148, 156) mit einem Laufer, einem Stator, der 
mehrere Satze von DreiphasenwicWungen auf- 
weist, und einer Einrichtung zum Detektieren 
von Winkellagen des Laufers und 

b) eine Vektorsteuereinrichtung (87, 88, 89), 
welche mit jedem Wechselstrom-lnduktions- 
motor verbunden ist, zum Steuern jedes 
Motors, wobei die Vektorsteuereinrichtung auf- 
weist: 

(1) eine CPU zum Berechnen der drehmo- 
ment- und fluBerzeugenden Komponenten 
des Stroms, welcher durch die Statorwick- 
lungen flieBt, 

(2) eine Stromsteuereinrichtung zum 
Erzeugen von pulsbreitenmodulierten Trig- 
gersignalen auf der Grundlage der 
Berechnungen der CPU zum Regulieren 
des Stroms und 

(3) eine Leistungsverstarkereinrichtung 
zum Empfangen der pulsbreitenmodulier- 
ten Triggersignale und zum Anlegen eines 
kontrollierten Stroms an die StatorwicWun- 
gen, urn einen Kommutationseffekt zu 
erzeugen, wodurch ein kontrolliertes Dreh- 
momerrt und eine kontrollierte Geschwin- 
digkeit des Wechselstrom-lnduktions- 
motors erzeugt werden. 

5. Vorrichtung nach Anspruch 1, welche weiterhin 
umfaBt: 

a) eine AusstoBeinrichtung (170) zum Aussto- 
Ben des Formteils aus dem Formhohlraum, 

b) eine StempelhOheneinrichtung (174) zum 
Einstellen der Klemmeinrichtung bezuglich der 
Formelemerrte, 

c) eine Injektionsschlitteneinrichtung (180) 
zum Einstellen der Lage der Injektionseinrich- 
tung bezuglich der Formelemerrte, 

d) eine vierte Arrtriebseinrichtung (103), wel- 
che mechanisch mit der AusstoBeinrichtung 
gekoppelt ist, zum Erzeugen einer Bewegung 
des Formteils, 

e) eine funfte Antriebseinrichtung (176), wel- 
che mechanisch mit der StempelhOheneinrich- 
tung zum Einstellen der Lage der 
Klemmeinrichtung gekoppelt ist, 

f) eine sechst Antriebseinrichtung (182), wel- 
che mechanisch mit d r Injektionsschlitten in- 
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richtung gekoppelt ist, zum Erzeugen einer 
Relativbewegung der Injektionsschlittenein- 
richtung, 

g) wobei zumindest die vierte Antriebseinrich- 
tung, die funfte Antriebseinrichtung oder die s 
sechste Antriebseinrichtung Oder mehrere die- 
ser Antriebsei nrichtungen weiterhin aufweisen: 

(1) eine Wechselstrom-lnduktionsmotor 
(103, 176, 182) mit einem Laufer, einem 10 
Stator mit mehreren Sdtzen von Dreipha- 
senwicklungen, und einer Einrichtung zum 
Detektieren von Winkellagen des Laufers 
und 

(2) eine Vektorsteuereinrichtung (90, 178, is 
184) zum Steuern des Wechselstrom- 
Induktionsmotors in Antwort auf ein 
Motorsteuersignal, wobei die Vektorsteu- 
ereinrichtung mit dem Wechselstrom- 
lnduktionsmotor verbunden ist und umfaBt: 20 

(i) eine CPU zum Berechnen der dreh- 
moment- und fluBerzeugenden Kom- 
ponenten des Stroms, welcher durch 

die StatorwicWungen flieBt, 25 

(ii) eine Stromsteuereinrichtung zum 
Erzeugen von pulsbreitenmodulierten 
Triggersignalen auf der Grundlage der 
Berechnungen der CPU zum Regulie- 
ren des Stroms und 30 

(iii) eine Leistungsverstarkereinrich- 
tung zum Empfangen der pulsbreiten- 
modulierten Triggersignale und zum 
Anlegen eines kontrollierten Stroms 

an die StatorwicWungen, urn einen 35 
Kommutationseffekt zu erzeugen, 
wodurch ein kontroiliertes Drehmo- 
ment und eine kontrollierte Geschwin- 
digkeit des 
Wechselstrominduktionsmotors 40 
erzeugt werden, und 

h) eine Maschinensteuereinrichtung (104), wel- 
che mit der Vektorsteuereinrichtung verbunden 

ist, zum Erzeugen des Motorsteuersignals. 45 

6. Vorrichtung nach Anspruch 5, bei welcher die Vek- 
torsteuereinrichtung jeder Antriebseinrichtung eine 
gemeinsame CPU (190) teilt, welche mit einer Mul- 
tiplexeinrichtung (192) zum Schalten der pulsbrei- so 
tenmodulierten Triggersignale, welche von der 
Stromsteuereinrichtung erzeugt werden, zu der Lei- 
stungsverstarkereinrichtung (194, 196, 198, 200) 

fQr jeden Wechselstrominduktionsmotor auf der 
Grundlage eines externen Steuereingabesignals ss 
verbunden ist. 

7. Vorrichtung nach Anspruch 1 , bei welcher der Kom- 



mutationseffekt, welcher ein Drehmoment an dem 
Laufer erzeugt, periodische pulsierende Schwan- 
kungen des Drehmoments hervorruft, wodurch 
Abweichungen in einer ProzeBvariablen als Folge 
der Schwankungen des Drehmoments erzeugt 
werden, und bei welcher die Maschinensteuerein- 
richtung (104) weiterhin eine Einrichtung zum 
Regeln der ProzeBvariablen durch Andern des 
Motorsteuersignals in Antwort auf Abweichungen 
der ProzeBvariablen, welche durch die pulsieren- 
den Drehmomentschwankungen hervorgerufen 
werden, aufweist 

8. Vorrichtung nach Anspruch 1 , bei welcher der Kom- 
mutationseffekt, welcher ein Drehmoment an dem 
Ldufer erzeugt, periodische pulsierende Schwan- 
kungen des Drehmoments hervorruft, wodurch 
Abweichungen in einer ProzeBvariablen als Folge 
der Drehmomentschwankungen hervorgerufen 
werden, und bei welcher die Maschinensteuerein- 
richtung (104) weiterhin umfaBt: 

a) eine Einrichtung zum Erzeugen eines Pro- 
zeBruckkopplungssignals, welches die ProzeB- 
variabfe darstellt, welche sich als Folge der 
Drehmomentschwankungen andert, 

b) eine Einrichtung zum Erzeugen eines Ein- 
stellpunktsignals, welches einen vorbestimm- 
ten Wert der ProzeBvariablen darstellt, und 

c) eine Einrichtung, welche auf das Einstell- 
punktsignal und das ProzeBruckkopplungssi- 
gnal anspricht, zum Andern des 
Motorsteuersignals in Antwort auf Anderungen 
der ProzeBvariablen gegenOber dem vorbe- 
stimmten Wert, wodurch Abweichungen der 
ProzeBvariablen, welche durch Drehmoment- 
schwankungen hervorgerufen werden, verrin- 
gert werden. 

9. SpritzguBvorrichtung zum Erzeugen eines Form- 
teils durch Einspritzen eines geschmolzenen Mate- 
rials in Formelemente (118, 120), welche einen 
Formhohlraum (122) bilden, welcher das Formteil 
definiert, wobei die Vorrichtung umfaBt: 

a) eine Klemmeinrichtung (100) zum Tragen 
und Bewegen der Formelemente zwischen 
einer offenen und geschlossenen Stellung, 

b) eine Injektionseinrichtung (102) zum Injizie- 
ren des geschmolzenen Materials in den Form- 
hohlraum, wobei die Injektionseinrichtung ein 
Schraubenelement (142) aufweist, welches 
drehbar und verschiebbar in einer rohrfOrmigen 
Trommel (140) getragen wird, die an einem 
Ende mit dem Formhohlraum in Verbindung 
stent, 

c) in erste Antriebs inrichtung (124, 126, 
128), welche mechanisch mit der Klemmein- 
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richtung gekoppelt ist, zum Erzeugen einer 
Relativbewegung der Formelemente, 

d) eine zweite Antriebsein richtung (148), wel- 
che mechanisch mit der Injektionseinrichtung 
gekoppelt ist, zum Drehen des Schraubenele- 5 
ments, 

e) eine dritte Antriebseinrichtung (156, 158, 
162), welche mechanisch mit der Injektionsein- 
richtung gekoppelt ist, zum Verlagern des 
Schraubenelements in der rohrfOrmigen Trom- io 
mel, 

f) wobei mehr als eine der drei Antriebseinrich- 
tungen (erste, zweite und dritte Antriebsein- 
richtung) weiterhin aufweist: 

15 

(1) einen Motor (124, 148, 156) mit einem 
Ldufer, einem Stator, welcher mehrere 
Sdtze von DreiphasenwicWungen auf- 
weist, und einer Einrichtung zum Detektie- 

ren von Winkellagen des LSufers, 20 
gekennzeichnet durch 

(2) eine elektronische St euer einrichtung 
(87, 88, 89) zum Steuern des Motors in 
Antwort auf ein Motorsteuersignal, wobei 

die elektronische Steuereinrichtung mit 25 
dem Motor verbunden ist und aufweist: 

(i) eine CPU zum Bestimmen der 
Eigenschaften des Stroms, welcher an 
den Motor angeiegt werden soil, 30 

(ii) eine Stromsteuerein richtung zum 
Erzeugen von Triggersignalen zum 
Regulieren des Stroms und 

(iii) eine Leistungsverstarkerein rich- 
tung zum Empfangen der Triggersi- 35 
gnale und zum Anlegen eines 
kontrollierten Stroms an die Stator- 
wicWungen, urn einen Kommutations- 
effekt zu erzeugen, wodurch ein 
kontrolliertes Drehmoment und eine 40 
kontrollierte Geschwindigkeit des 
Motors erzeugt werden, 

(3) wobei die elektronische Steuereinrich- 
tung eine CPU (190) aufweist, die mit einer 45 
Multiplexeinrichtung (192) zum Schalten 
der Triggersignale, welche von der Stroms- 
teuereinrichtung erzeugt werden, zu der 
Leistungsverstarkereinrichtung fur jeden 
elektronisch gesteuerten Motor auf der 50 
Grundlage eines externen Steuereingabe- 
signals verbunden ist und 

g) eine Maschinensteuereinrichtung (104), wel- 
che mit der elektronischen Steuereinrichtung 55 
verbunden ist, zum Erzeugen des Motorsteuer- 
signals. 



Revendications 

1. Presse k injection servant k fabriquer une pifcce 
moul6e en injectant une mature fondue dans des 
6l6ments (118, 120) de moule formant une cavite 
(122) de moule d6finissarrt la pfece moutee, la 
presse comprenant: 

(a) un moyen de serrage (100) pour supporter 
et action ner les 6!6ments de moule entre des 
positions ouverte et ferm6e; 

(b) un moyen d'injection (102) pour injecter ia 
mattere fondue dans la cavit6 de moule, ledit 
moyen d'injection comprenant un organe k vis 
(142) port6 de manure k pouvoir tourner et se 
d£placer dans un fOt tubulaire (140) ayant une 
extr£mrt£ en communication avec la cavit& de 
moule; 

(c) un premier moyen d'entraTnement (124, 
126, 128) coupl6 mScaniquement au moyen de 
serrage pour communiquer un mouvement 
relatif aux 6l6ments de moule; 

(d) un deuxfeme moyen d'entraTnement (148) 
coupl6 m6caniquement au moyen d'injection 
pour faire tourner I'organe k vis; et 

(e) un troisteme moyen d'entraTnement (156, 
158, 162) coup!6 m6caniquement au moyen 
d'injection pour d6placer I'organe k vis dans le 
fOt tubulaire; 

dans lequel au moins un des premier moyen 
d'entraTnement, deuxfeme moyen d'entraTnement 
et troisteme moyen d'entraTnement comprend en 
outre un moteur asynchrone (124, 148, 156) k c.a. 
ayant un rotor, un stator compos6 d'une plurality 
d'ensembles de bobinages triphas6s, et un moyen 
pour d&ecter des positions angulaires du rotor, 

la presse 6tant caracterisSe en ce qu'eile 
comprend 

(1) un moyen de commande vectorielle (87, 88, 
89) pour commander le moteur asynchrone k 
c.a. en rgponse k un signal ^instruction de 
moteur, le moyen de commande vectorielle 
6tant reli6 au moteur asynchrone k c.a. et com- 
portant 

(i) une unite centrale pour calculer des 
composantes de production de couple et 
de f lux du courant circulant dans les bobi- 
nages statoriques, 

(ii) un moyen de regulation de courant pour 
produire des signaux de d6clenchemerrt k 
modulation de largeur d'impulsions sur la 
base des calculs de I'unite centrale pour 
rSguler le courant, et 

(iii) un moy n d'amplif ication de puissance 
pour recevoir les signaux de d6clenche- 
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ment k modulation de iargeur d'impulsions 
et appliquer un courant r6gul£ aux bobina- 
ges statoriques af in de produire un effet de 
commutation en creant de ce fait un couple 
et une vitesse commandos pour fe moteur 
asynchrone e c.a.; et 

(2) un moyen (104) de commande de presse 
reli6 au moyen de commande vectorielle pour 
produire le signal ^instruction de moteur. 

2. Presse selon la revendication 1, dans laquelle au 
moins un autre des premier moyen d'entraTnement, 
deuxieme moyen d'entraTnement et troisi&me 
moyen d'entraTnement comprend: 

(a) un moteur asynchrone (124, 148, 156) a 
c.a. ayant un rotor, un stator compose d'une 
plurality d'ensembles de bobinages triphas£s, 
et un moyen pour detecter des positions angu- 
laires du rotor; et 

(b) un moyen de commande vectorielle (87, 88, 
89) relie au moteur asynchrone k c.a. pour 
commander le moteur, le moyen de commande 
vectorielle comportant 

(1) une unite centrale pour calculer des 
composantes de production de couple et 
de flux du courant circulant dans les bobi- 
nages statoriques, 

(2) un moyen de regulation de courant 
pour produire des signaux de d6clenche- 
ment k modulation de Iargeur d'impulsions 
sur la base des calculs de I'unite centrale 
pour r6guler le courant, et 

(3) un moyen d'amplif ication de puissance 
pour recevoir les signaux de d6clenche- 
ment k modulation de Iargeur d'impulsions 
et appliquer un courant reguie aux bobina- 
ges statoriques af in de produire un effet de 
commutation en cr6ant de ce fait un couple 
et une vitesse commandos pour le moteur 
asynchrone k c.a. 

3. Presse selon la revendication 2, dans laquelle le 
moyen de commande vectorielle de chaque moyen 
d'entraTnement partage une unite centrale com- 
mune (190) reltee k un moyen de multiplexage 
(192) pour appliquer par commutation les signaux 
de d6clenchement k modulation de Iargeur d'impul- 
sions produrts par le moyen de regulation de cou- 
rant au moyen d'amplif ication de puissance (194, 
198, 200) pour chaque moteur asynchrone k c.a. 
sur la base d'un signal exterieur destruction 
d*entr6e. 

4. Presse selon la revendication 1 , dans laquelle cha- 
cun des premier moyen d'entraTnement, deuxieme 



moyen d'entraTnement et troisteme moyen d'entraT- 
nement comprend: 

(a) un moteur asynchrone (124, 148, 156) k 
c.a ayant un rotor, un stator compose d'une 
plurality d'ensembles de bobinages triphas6s, 
et un moyen pour detecter des positions angu- 
lairesdu rotor; et 

(b) un moyen de commande vectorielle (87, 88, 
89) relie k chaque moteur asynchrone k c.a. 
pour commander chaque moteur, le moyen de 
commande vectorielle comportant 

(1) une unite centrale pour calculer des 
composantes de production de couple et 
de flux du courant circulant dans les bobi- 
nages statoriques, 

(2) un moyen de regulation de courant 
pour produire des signaux de declenche- 
ment k modulation de Iargeur d'impulsions 
sur la base des calculs de I'unite centrale 
pour reguler le courant, et 

(3) un moyen d'amplif ication de puissance 
pour recevoir les signaux de declenche- 
ment a modulation de Iargeur d'impulsions 
et appliquer un courant r6gu!6 aux bobina- 
ges statoriques af in de produire un effet de 
commutation en cr6ant de ce fait un couple 
et une vitesse commandes pour le moteur 
asynchrone k c.a. 

5. Presse selon la revendication 1, comprenant en 
outre: 

(a) un moyen rejection (170) pour ejecter la 
piece mouiee de la cavite de moule; 

(b) un moyen (174) de hauteur de moule pour 
regler le moyen de serrage par rapport aux ele- 
ments de moule; 

(c) un moyen fbrmant traTneau d'injection (1 80) 
pour mettre en position le moyen d'injection par 
rapport aux elements de moule; 

(d) un quatrieme moyen d'entraTnement (103) 
couple mecaniquement au moyen rejection 
pour communiquer un mouvement a la piece 
mouiee; 

(e) un cinquieme moyen d'entraTnement (176) 
couple mecaniquement au moyen de hauteur 
de moule pour regler la position du moyen de 
serrage; 

(f) un sixieme moyen d'entraTnement (182) 
couple mecaniquement au moyen formant traT- 
neau d'injection pour communiquer un mouve- 
ment relatif au moyen formant traTneau 
d'injection; 

(g) au moins un des quatrieme moyen d'entraT- 
nement, cinquieme moyen d'entraTnement et 
sixieme moyen d'entraTnement comportant en 
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outre 

(1) un moteur asynchrone (103, 176, 182) 
k c.a. ayant un rotor, un stator compost 
d'une plurality d'ensembles de bobinages s 
triphas6s, et un moyen pour detecter des 
positions angulaires du rotor; et 

(2) un moyen de commande vectorielle 
(90, 178, 184) pour commander le moteur 
asynchrone k c.a. en r6ponse k un signal 10 
d'instruction de moteur, le moyen de com- 
mande vectorielle etant relie au moteur 
asynchrone k c.a. et comportant 

(i) une unite centrale pour calculer des is 
composantes de production de couple 

et de flux du courant passant par ies 
bobinages statoriques, 

(ii) un moyen de regulation de courant 
pour produire des signaux de d&len- 20 
chement k modulation de largeur 
d'impulsions sur la base des calculs 

de I'unite centrale pour rSguler le cou- 
rant, et 

(iii) un moyen d'amplification de puis- 25 
sance pour recevoir Ies signaux de 
declenchement k modulation de lar- 
geur d'impulsions et appliquer un cou- 
rant rgguie aux bobinages statoriques 
afin de produire un effet de commuta- 30 
tion en errant de ce fait un couple et 
une Vitesse commandos pour le 
moteur asynchrone k c.a.; et 

(h) un moyen de commande (104) de presse 35 
relie au moyen de commande vectorielle pour 
produire le signal d'instruction de moteur. 

6. Presse selon la revendication 5, dans laquelle le 
moyen de commande vectorielle de chaque moyen 40 
d'entraTnement partage une unite centrale com- 
mune (190) reli6e k un moyen de multiplexage 
(192) pour appliquer par commutation Ies signaux 

de declenchement k modulation de largeur d'impul- 
sions produhs par le moyen de regulation de cou- 45 
rant au moyen d'amplification de puissance (194, 
196, 198, 200) pour chaque moteur asynchrone k 
c.a. sur la base d'un signal exterieur d'instruction 
d'entrSe. 

50 

7. Presse selon la revendication 1 , dans laquelle r effet 
de commutation errant un couple sur le rotor pro- 
duit des pulsations p6riodiques de couple provo- 
quant de ce fait des hearts d'une variable du 
proc&te en rgponse aux pulsations de couple, et 55 
dans laquelle le moyen de commande (104) de 
press comprend en outre un moyen pour com- 
mander la variable du proc&te en modifiant le 



signal d'instruction de moteur en rgponse aux 
hearts de la variable du proc&te provoqugs par Ies 
pulsations de couple. 

8. Presse selon la revendication 1 , dans laquelle I'effet 
de commutation crgant un couple sur le rotor pro- 
duit des pulsations pgriodiques de couple provo- 
quant de ce fait des hearts d'une variable du 
procgde en rgponse aux pulsations de couple, et 
dans laquelle le moyen de commande (104) de 
presse comprend en outre: 

(a) un moyen pour produire un signal de 
retroaction de procgdg reprgsentant la variable 
du proc6d6 changeant en reponse aux pulsa- 
tions de couple; 

(b) un moyen pour fournir un signal de point de 
consigne repr6sentant une valeur predetermi- 
ne de la variable du procgdg; et 

(c) un moyen rgagissant au signal de point de 
consigne et au signal de retroaction de pro- 
cede pour modifier ie signal d'instruction de 
moteur en reponse k des variations de la varia- 
ble du precede par rapport k la valeur predeter- 
mine^ en reduisant de ce fait Ies ecarts de la 
variable du procede provoques par Ies pulsa- 
tions de couple. 

9. Presse k injection servant k produire une piece 
moutee en injectant une matigre fondue dans des 
elements (118, 120) de moule formant une cavite 
(122) de moule definissant la piece mouiee, la 
presse comprenant: 

(a) un moyen de serrage (100) pour supporter 
et actionner Ies elements de moule entre des 
positions ouverte et fermge; 

(b) un moyen d'injection (102) pour injecter la 
matigre fondue dans la cavite de moule, ledit 
moyen d'injection comprenant un organe k vis 
(142) porte de manigre k pouvoir tourner et se 
dgplacer dans un fut tubulaire (140) ayant une 
extrgmitg en communication avec la cavite de 
moule; 

(c) un premier moyen d'entraTnement (124, 
126, 128) couple mgcaniquement au moyen de 
serrage pour communiquer un mouvement 
relatif aux elements de moule; 

(d) un deuxigme moyen d'entraTnement (148) 
couplg mgcaniquement au moyen d'injection 
pour faire tourner Torgane k vis; et 

(e) un troisigme moyen d'entraTnement (156, 
158, 162) couplg mgcaniquement au moyen 
d'injection pour dgplacer Torgane k vis dans le 
fut tubulaire; 

(t) plus d'un des premier moyen d'entraTne- 
ment, deuxigm moyen d'entraTnement t troi- 
sigme moyen d'entraTnement comportant en 
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outre 

(1) un moteur (124, 148, 156) ayant un 
rotor, un stator compost d'une plurality 
d'ensembles de bobinages triphas6s, et un s 
moyen pour d£tecter des positions angu- 
laires du rotor, et caract6ris6e par 

(2) un moyen de commande eiectronique 
(87, 88. 89) pour commander le moteur en 
rgponse k un signal destruction de 10 
moteur, le moyen de commande eiectroni- 
que 6tant relie au moteur et comprenant 

(i) une unite centrale pour determiner 

les caracteristiques du courant k appli- 75 
quer au moteur, 

(ii) un moyen de regulation de courant 
pour produire des signaux de d6clen- 
chement pour r6guler le courant, et 

(iii) un moyen d'amplif ication de puis- 20 
sance pour recevoir les signaux de 
d6clenchement et appliquer un cou- 
rant r6gul6 aux bobinages statoriques 
afin de produire un effet de commuta- 
tion en cr6ant de ce fait un couple et 25 
une vitesse commandos pour le 
moteur; 

(3) le moyen de commande eiectronique 
ayant une unite centrale (190) relive k un 30 
moyen de multiplexage (192) pour appli- 
quer par commutation les signaux de 
dedenchement prod u Its par le moyen de 
regulation de courant au moyen d'amplifi- 
cation de puissance (194, 198, 200) pour 35 
chaque moteur k commande eiectronique 
sur la base d'un signal exterieur destruc- 
tion d'entr6e; et 

(g) un moyen de commande (104) de presse 40 
relie au moyen de commande eiectronique 
pour produire le signal destruction de moteur. 
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